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[57] ABSTRACT 
A parallel multiplication circuit includes a plurality of 
Booth’s decoders, a plurality of partial product genera 
tion circuits, and a plurality of full adders. Each Booth’s 
decoder is constructed in accordance with the follow 
ing decode signal generating logic: 

Each partial product generation circuit is constructed in 
accordance with the following partial product generat 
ing logic: 
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HIGH SPEED PARALLEL MULTIPLICATION 
CIRCUIT HAVING A REDUCED NUMBER OF 

GATE STAGES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a parallel multiplica 

tion circuit, and more speci?cally to a high speed multi 
plication circuit using a second-order Booth’s decode 
algorithm. 

2. Description of related art 
In the prior art, this type of parallel multiplication 

circuits have been constructed to use a Booth’s decode 
circuit so as to generate three control signals from data 
of three continuous bits of an inputted multiplier. The 
three control signals are indicative of (1) whether the 
data is single or double, (2) whether the data is positive 
or negative, and (3) whether or not the data is zero (0), 
respectively. 
For example, one typical Booth’s decoder incorpo 

rated in the conventional parallel multiplication circuit 
has been constituted to include a ?rst exclusive-NOR 
gate having a pair of inputs connected to receive a ?rst 
input “a” and a third input “c”, respectively and an 
output for generating a ?rst output “a”, a second exclu 
sive-NOR gate having a pair of inputs connected to 
receive a second input “b” and the third input “c”, 
respectively, an OR gate having a pair of inputs con 
nected to the outputs of the ?rst and second exclusive 
NOR gates, respectively, a NAND gate having a pair of 
inputs connected to an output of the OR gate and the 
third input “c”, respectively and an output for generat 
ing a second output “B”, and an inverter having an 
input connected to the output of the OR gate and an 
output for generating a third output “'y”. 

Here, assuming that three bits of data of a multiplier 
inputted to the Booth’s decode circuit are called “a”, 
“b” and “c” in the order from its least signi?cant bit 
towards its most signi?cant bit, a control signal a. indi 
cating that the data is double is generated by a logical 
equation expressed as follows: 
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a=(a$c)'(b$¢) Similarly, a control signal B indicating that the data is 

positive is generated by a logical equation expressed as 
follows: 

In addition, a control signal 7 indicating that the data is 
zero (0) is generated by a logical equation expressed as 
follows: 

50 

The following TABLE I shows the truth values of the 
above mentioned logical equations. 

TABLE I 
Actual Value 

0 
1 
l 
2 

-2 
—l 
-l 
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TABLE I-continued 

a b c Actual Value 0. B 'y 

l l O O l I 

For example, assuming that “l, 0, l” is inputted to the 
inputs “a”, “b” and “c” of the above mentioned Booth’s 
decoder, an actual value is “- l”, and “0, 0, 0” is out 
putted from the outputs “(1", “l3” and “7”. 
By using the above mentioned Booth’s decoder and a 

partial product generation circuit, the conventional 
parallel multiplication circuits have been constructed. 
However, the parallel multiplication circuits using 

the above mentioned Booth’s decoder have been com 
plicated in construction and large in circuit scale, be 
cause the Booth’s decoder is con?gured to generate the 
output signals accurately indicating that (1) whether the 
data is single or double, (2) whether the data is positive 
or negative, and (3) whether or not the data is zero (0), 
respectively. In addition, the number of required series 
connected gate stages is large in the conventional paral 
lel multiplication circuits, and therefore, the operation 
speed of the multiplication circuits is low. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a parallel multiplication circuit which has 
overcome the above mentioned defect of the conven 
tional one. 
Another object of the present invention is to provide 

a parallel multiplication circuit having a simpli?ed cir 
cuit construction and a high operation speed. 
The above and other objects of the present invention 

are achieved in accordance with the present invention 
by a parallel multiplication circuit comprising at least 
one Booth’s decoder receiving a multiplier for generat 
ing decode signals Tw, Pu and Z, a plurality of partial 
product generation circuits connected to receive the 
decoded signals from the at least one Booth’s decoder 
and a multiplicand for generating a partial product, PP, 
and a plurality of full address connected to sequentially 
adding the partial product of the partial product genera 
tion circuits, the at least one Booth’s decoder being 
constructed in accordance with the following decode 
signal generating logic: 

where Yj..1, Yj and Yj+1 are three continuous bits of the 
multiplier inputted, respectively, and Y_,-_1, is the least 
signi?cant bit of the three continuous bits Yj_1, Yj and 
Yj+b and Yj+l is the most signi?cant bit of the three 
continuous bits Yj-l, Y] and Yj+1, 
each of the partial product generation circuit being 
constructed in accordance with the following partial 
product generating logic: 

where Xiand X,-_1 are two continuous bits of the multi 
plicand inputted, and X,-_1 is the least signi?cant bit of 
the two continuous bits X1 and X,-__1, and Xiis the most 
signi?cant bit of the two continuous bits Xiand X,~_1. 
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The above and other objects, features and advantages 
of the present invention will be apparent from the fol 
lowing description of preferred embodiment of the 
invention with reference to the accompanying draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a logic circuit diagram of a Booth’s de 
coder incorporated in one embodiment of the parallel 
multiplication circuit in accordance with the present 
invention; 
FIG. 1B is a logic circuit diagram of a partial product 

generation circuit incorporated in one embodiment of 
the parallel multiplication circuit in accordance with 
the present invention; 
FIG. 2 is a block diagram of one embodiment of the 

parallel multiplication circuit in accordance with the 
present invention; 
FIG. 3 is a logic circuit diagram of a partial product 

generation circuit incorporated in another embodiment 
of the parallel multiplication circuit in accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1A, there is shown a logic circuit 
diagram of a Booth’s decoder incorporated in one em 
bodiment of the parallel multiplication circuit in accor 
dance with the present invention. 
The shown Booth’s decoder is generally designated 

with Reference 1, and has three input terminals S1, S2 
and S3 for receiving three continuous bits Yj_], Yj and 
Yj+1 of a multiplier inputted, respectively, and three 
output terminals S4, S5 and S6 for supplying three de 
code outputs Tw, Pu and Z of the Booth’s decoder, 
respectively. Here, Yj_1 is the least signi?cant bit (LSB) 
of the three continuous bits Yj__1, Y] and Yj+1 of the 
multiplier, and Yj+1 is the most signi?cant bit (MSB) of 
the three continuous bits Y_,-_1, Yjand Yj+1 of the multi 
plier. Y] is an intermediate signi?cant bit of the three 
continuous bits Yj-l, and Yj+1 of the multiplier. 
The Booth’s decoder 1 includes an exclusive-NOR 

gate 2 having a pair of inputs connected to the input 
terminals S1 and S2 and an output connected to the 
output terminal S5, and another exclusive-NOR gate 3 
having a pair of inputs connected to the input terminals 
S2 and S3. The Booth’s decoder 1 also includes an in 
verter 4 having its input connected to the input terminal 
S3 and its output connected to the output terminal S5,‘ 
and an AND gate 5 having a pair of inputs connected to 
the output of the exclusive-NOR gate 2 and an output of 
the exclusive-NOR gate 3. An output of the AND gate 
5 is connected to the output terminal S6. 
Now, referring to FIG. 1B, there is shown a logic 

circuit diagram of a partial product generation circuit 
incorporated in one embodiment of the parallel multi 
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plication circuit in accordance with the present inven- _ 
tion. . 

The partial product generation circuit is generally 
designated with Reference 6, and has two input termi~ 
nals S7 and S8 for receiving two continuous bits X,~_1 
and X,- of a multiplicand inputted, respectively, and 
three input terminals 84, S5 and S6 for receiving the 
three outputs Tw, Pu and Z of the Booth’s decoder 1, 
respectively. In addition, the partial product generation 
circuit 6 also has an output terminal PP for outputting a 
partial product. I-Iere, Xj._1 is the least signi?cant bit of 
the two continuous bits X,-and X,-. 1 of the multiplicand, 
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4 
and X,- is the most signi?cant bit of the two continuous 
bits X; and X,-_| of the multiplicand. 
The partial product generation circuit 6 includes a 

?rst NAND gate 7 having a ?rst input connected to the 
input terminal S8 and a second input connected through 
an inverter 12 to the input terminal S4, a second NAND 
gate 8 having a ?rst input connected to the input termi 
nal S7 and a second input connected to the input termi 
nal S4, and a third NAND gate 9 having a pair of inputs 
connected to an output of the ?rst and second NAND 
gates 7 and 8. An output of the NAND gate 9 is con 
nected to one input of an exclusive-NOR gate 10, which 
has its other input connected to the input terminal S5. 
An output of the exclusive-NOR gate 10 is connected to 
one input of a NOR gate 11, which has its other input 
connected to the input terminal S6. An output of the 
NOR gate 11 is connected to the output terminal PP. 

Here, assuming that the three continuous bits applied 
to the Booth’s decoder 1 are Yj+ 1, Yj and Yj_1 in the 
order from MSB to LSB, respectively, and MSB and 
LSB of the two continuous bits applied to the partial 
product generation circuit 6 are X,- and X,-_1, respec 
tively, the relation between the output PP of the partial 
product generation circuit 6 and the inputs Yj+1, Yj and 
Yj_1 and X,- and X,-_1 are as shown in the following 
TABLE 11. 

TABLE II 

Yj+1 Yj Yj._1 Tw Pu Z PP 

o o o 1 1 1 o 
o o 1 o 1 o x,~ 
o 1 o o 1 o x, 
o 1 1 1 1 o x,-_, 

1 o o 1 o o x_,-_1 

1 o 1 o o o it? 

1 1 o o o o x“, 
1 1 1 1 o 1 0 

For example, with Yj+1, Yjand Yj_1=“O, 0, 0” or “1, 
l, l”, the output PP becomes “0". With Yj+1, Y] and 
Yj__1=“0, 0, l” or “0, 1, 0”, the output PP becomes 
“X,-”, namely, the input “X,” is outputted as it is. In 
addition, with Yj+1, Yj and Yj..1=“0, I, I", the output 
PP becomes “X,-_ 1”, namely, the value shifted leftward 
by one bit (doubled value) is outputted from the output 
PP. With Yj+1, Y] and Yj_.1=“l, 0, 0”, the output PP 
becomes an inverted value of “X,-..;”, namely, an in 
verted number of the double value. Further, with Yj+1, 
Y] and Y_,-_1=“l, 0, l” or “1, l, O”, the output PP be 
comes an inverted value of “X,”, namely, an inverted 
number of the input “Xi”. Thus, a partial product is 
obtained on the basis of an algorithm of the Booth’s 
decoder 1. 

In addition, the output PP of the shown partial prod 
uct generating circuit 6 is generated in accordance with 
the following equation: 

Accordingly, if the input Z is “1", both of the inputs Tw 
and Pu become “don’t care”. This will be understood 
from the truth table of the following TABLE III. 
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TABLE III 
1st. 2nd. Std. 

Std. 2nd. lst. OUT- OUT- OUT 
INPUT INPUT INPUT PUT PUT PUT 
Yj+ 1 Y] Y]. 1 Tw Pu Z PP 
O 0 O X X I O 
0 0 l 0 l 0 X, 
0 l 0 0 l 0 X, 
0 l l l l 0 X1- 1 

l 0 0 l 0 0 X,-. 1 

1 o 1 0 o o x_, 

1 1 o o o 0 i? 
l l l X X l 0 

X: Don't Care 

Accordingly, the logical equations of the Booth’s 
decoder 1 can be simpli?ed, and the outputs Tw, Pu and 
Z can be expressed as follows: 

Referring to FIG. 2, there is shown a block diagram 
of one embodiment of the parallel multiplication circuit 
in accordance with the present invention. The shown 
parallel multiplication circuit is con?gured to perform a 
multiplication of 6 bitsX6 bits. 
The shown parallel multiplication circuit includes 

three Booth’s decoders 1A, 1B and 1C, labelled “BD”, 
each constructed as shown in FIG. 1A, twenty-one 
partial product generation circuits 6A1 to 6A7, 631 to 
6B7, and 6C1 to 6C7, labelled “PPG”, each constructed 
as shown in FIG. 1B, and fourteen full adders 13 la 
belled “FA”, which are connected as shown. In addi 
tion, the 6-bit multiplier applied to the multiplication 
circuit is expressed as Y5, Y4, Y3, Y2, Y1 and Y0 in the 
order from MSB to LSB, and the 6-bit multiplicand 
applied to the multiplication circuit is expressed as X5, 
X4, X3, X2, X1 and X0 in the order from MSB to LSB. 
Output bits of the multiplication circuit are expressed as 
“mm”, “1119”, . . . “m1” and “mo” in the order from MSB 
to LSB. 

First, the inputs Yj-l, Y; and Yj+1 of the Booth’s 
decoder 1A are supplied with “0”, Y0 and Y1, respec~ 
tively, and similarly, the inputs Yj._ 1, Yj and Yj+1 of the 
Booth’s decoder 13 are supplied with Y1, Y2 and Y3, 
respectively. Furthermore, the inputs Yj._1, Yj and Yj+1 
of the Booth’s decoder 1C are supplied with Y3, Y4 and 
Y5, respectively. 

In addition, the outputs Tw, Pu and Z of the Booth’s 
decoder 1A are connected to the inputs Tw, Pu and Z 
of each of the partial product generation circuits 6A1 to 
6A-;, respectively. Similarly, the outputs Tw, Pu and Z 
of the Booth’s decoder 1B are connected to the inputs 
Tw, Pu and Z of each of the partial product generation 
circuits 6131 to 6B7, respectively, and the outputs Tw, 
Pu and Z of the Booth’s decoder 1C are connected to 
the inputs Tw, Pu and Z of each of the partial product 
generation circuits 6C1 to 6C7, respectively. 
On the other hand, “0” is applied to the input Xi of 

each of the partial product generation circuits 6A1, 6B1 
and 6C], and the bit X5 of the multiplicand is supplied to 
the input Xi_1 of each of the partial product generation 
circuits 6A1, 6B1 and 6C1 and the input Xi of each of the 
partial product generation circuits 6A2, 6B; and 602, 
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6 
respectively. The bit X4 of the multiplicand is supplied 
to the input X,'_1 of each of the partial product genera 
tion circuits 6A2, 6B; and 6C2. Similarly, the bits X4 and 
X3 of ' the multiplicand are supplied to the input X,- and 
the input X,-_1 of each of the partial product generation 
circuits 6A3, 63; and 6C3, respectively, and the bits X3 
and X; of the multiplicand are supplied to the input X, 
and the input Xi_ 1 of each of the partial product genera 
tion circuits 6A4, 6B4 and 6C4, respectively. In addition, 
the bits X2 and X1 of the multiplicand are supplied to the 
input Xiand the input X,-_1 of each of the partial prod 
uct generation circuits 6A5, 6B5 and 6C5, respectively, 
and the bits X1 and X0 of the multiplicand are supplied 
to the input X,- and the input X,-_1 of each of the partial 
product generation circuits 6A6, 6B6 and 6C6, respec 
tively. The bit X0 of the multiplicand and “0” are sup 
plied to the input X,- and the input X,'__1 of each of the 
partial product generation circuits 6A7, 6137 and 6C7, 
respectively. 
As well known to persons in the art, an output of the 

partial product generation circuits 6A5 and 6A7 are 
supplied as the outputs “m1” and “mo” of the multiplica~ 
tion circuit, and an outputs of the other partial product 
generation circuits 6A1 to 6A5, 6B1 to 6B7, and 6C1 to 
6C7 are supplied to the full adders 13 as shown in FIG. 
3, and the full adders 13 are interconnected 13 as shown 
in FIG. 3 so as to generate the other outputs “mm” to 
"m2’’ of the multiplication circuit. Operation of the 
overall multiplication circuit is also well known to per 
sons in the art, and therefore, explanation thereof will 
be omitted. 

In the above mentioned parallel multiplication cir 
cuit, the circuit scale of each one Booth’s decoder can 
be reduced to 20 transistors from 24 transistors which 
were required in the conventional Booth’s decoder. In 
addition, assuming that each of the exclusive-0R gate, 
the exclusive-NOR gate, the AND gate and the OR 
gate is two stages, the number of necessary series-con 
nected gate stages can be reduced to 6 stages from 9 
stages which were required in the conventional circuits, 
in the Booth’s decoder and the partial product genera 
tion circuit in combination. 

Referring to FIG. 3, there is shown a logic circuit 
diagram of a partial product generation circuit incorpo 
rated in another embodiment of the parallel multiplica 
tion circuit in accordance with the present invention. 
The partial product generation circuit 6 shown in 

FIG. 3 includes three transfer gates 14, 15 and 16, two 
inverters 17 and 18, a clocked inverter 19 and a NOR 
gate 20, connected as shown. Speci?cally, the MSB bit 
X; of the two continuous bits X,- and X,-_1 of the multi 
plicand is connected to a data input of the transfer gate 
14, and the LSB bit X,-_1 of the two continuous bits X; 
and X,-. 1 is connected to a data input of the transfer gate 
15. A data output of the transfer gate 14 is connected 
directly to a data output of the transfer gate 15, and also 
connected to a data input of the transfer gate 16 and a 
data input of the clocked inverter 19. A data output of 
the transfer gate 16 is connected directly to a data out 
put of the clocked inverter 19, and also connected to a 
?rst input of the NOR gate 20. The output Tw of the 
Booth’s decoder is connected to an input of the inverter 
17 and a control input of the transfer gate 15, and an 
output of the inverter 17 is connected to a control input 
of the transfer gate 14. The output Pu of the Booth’s 
decoder is connected to an input of the inverter 18 and 
a control input of the transfer gate 16, and an output of 



simpli?ed, and the circuit scale of the Booth’s decoder 
can be reduced by about 20%. In addition, the gate 
stages of the combined Booth’s decoder and partial 
product generation circuit can be reduced by about 
30%. Therefore, the circuit scale of the overall multipli 
cation circuit can be reduced, and the operation speed 35 
can be elevated. 
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the inverter 18 is connected to a control input of the 
clocked inverter 19. The output Z of the Booth’s de 
coder is connected to a second inputof the NOR gate 
20 

Since the partial product generation circuit 6 shown 5 
in FIG. 3 operates similarly to the partial product gen 
eration circuit 6 shown in FIG. 1A, explanation of the 
operation of the partial product generation circuit 6 
shown in FIG. 3 will be omitted. 
As will be apparent from the above, in the parallel 1° 

‘ multiplication circuit in accordance with the present 
invention including a plurality of Booth’s decoders, a 
plurality of partial product generation circuits, and a 
plurality of full adders, each Booth’s decoder is con 
structed on the basis of the following decode signal 15 
generating logic: 

and each partial product generation circuit is con 
structed on the basis of the following partial product 
generating logic: 25 

With this arrangement, the Booth’s decoder can be 

30 

The invention has thus been shown and described 
with reference to the speci?c embodiments. However, 
it should be noted that the present invention is in no 
way limited to the details of the illustrated structures 40 
but changes and modi?cations may be made within the 
scope of the appended claims. 

I claim: 
1. A parallel multiplication circuit comprising: 
at least one Booth’s decoder receiving a multiplier for 45 

generating decode signals Tw, Pu and Z, 
a plurality of partial product generation circuits con 

nected to receive the decoded signals from said at 
least one Booth’s decoder and a multiplicand for 
generating a partial product PP, and 50 

a plurality of full address connected to sequentially 
add the partial product of said partial product gen 
eration circuits, said at least one Booth’s decoder 
being constructed in accordance with the follow 
ing decode signal generation logic: 55 

where Yj_], Yj and Yj+1 are three continuous bits 
of the multiplier inputted, respectively, and Yj_1 
is the least signi?cant bit of the three continuous 
bits Yj_1, Yj and Yj+1, and Yj+1 is the most 65 
signi?cant bit of the three continuous bits Yj_], 
Yj and Yj+ 1, 

8 
each of said partial product generation circuits 
being constructed in accordance with the follow 
ing partial product generating logic: 

where X; and Xi_1 are two continuous bits of the 
multiplicand inputted, and X,-_1 is the least sig 
ni?cant bit of the two continuous bits X,- and 
X,-.;, and Xiis the most signi?cant bit of the two 
continuous bits X1 and X,-..;, 

said at least one Booth’s decoder including a first 
exclusive-NOR gate receiving the bits Yj-l and Y, 
for outputting the decode signal T”, an inverter 
receiving the bit YjfOI' outputting the decode signal 
P", a second exclusive-NOR gate receiving the bits 
Yj and Yj+1, and an AND gate having a pair of 
inputs connected to an output of said ?rst and sec 
ond exclusive-NOR gates for generating the de 
code signal 2, 

each of said partial product generation circuits in 
cluding: 
a ?rst NAND gate having a ?rst input connected 

to receive the bit Xi and a second input con 
nected to receive through an inverter the decode 
signal T» of a corresponding Booth’s decoder, 

a second NAND gate having a ?rst input con 
nected to receive the bit X,-.; and a second input 
connected to receive the decode signal T... of said 
corresponding Booth’s decoder, 

a third NAND gate having a pair of inputs con 
nected to an output of said ?rst and second 
NAND gates, respectively, 

an exclusive-NOR gate having a ?rst input con 
nected to an output of said third NAND gate and 
a second input connected to receive the decode 
signal P” of said corresponding Booth’s decoder, 
and 

a NOR gate having a ?rst input connected to an 
output of said exclusive-NOR gate and a second 
input connected to receive the decode signal 2 
of said corresponding Booth’s decoder, an out 
put of said NOR gate generative the partial prod 
uct PP. ‘ 

2. A parallel multiplication circuit comprising: 
at least one Booth’s decoder receiving a multiplier for 

generating decode signals T», P‘, and Z, 
a plurality of partial product generation circuits con 

nected to receive the decoded signals from said at 
least one Booth’s decoder and a multiplicand for 
generating a partial product PP, and 

a plurality of full address connected to sequentially 
add the partial product of said partial product gen 
eration circuits, said at least one Booth’s decoder 
being constructed in accordance with the follow 
ing decode signal generation logic: 

m 

‘2mm 

where Yj_1, Yj and Yj+1 are three continuous bits 
of the multiplier inputted, respectively, and Yj_] 
is the least signi?cant bit of the three continuous 
bits YJ-_1, Yj and Yj+1, and Yj+1 is the most 
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signi?cant bit of the three continuous bits Yj_ 1, 
Yj and Yj+1, 

each of said partial product generation circuits 
being constructed in accordance with the follow 
ing partial product generating logic: 

where X,- and X,-_1 are two continuous bits of the 
multiplieand inputted, and X;..; is the least sig 
ni?cant bit of the two continuous bits X,- and 
X,-_1, and Xiis the most signi?cant bit of the two 
continuous bits Xiand X,-_1, 

said at least one Booth’s decoder including a ?rst 
exclusive-NOR gate receiving the bits Y_,-_1 and Yj 
for outputting the decode signal Tw, an inverter 
receiving the bit Yjfor outputting the decode signal 
P“, a second exclusive-NOR gate receiving the bits 
Y] and Yj+1, and an AND gate having a pair of 
inputs connected to an output of said ?rst and sec 
ond exclusive-NOR gates for generating the de 
code signal Z, 

each of said partial product generation circuits in 
cluding: 
a ?rst transfer gate having a data input connected 

to receive the bit X,- and a control input con 
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10 
nected to receive through an inverter the decode 
signal T,,. of a corresponding Booth’s decoder, 

a second transfer gate having a data input con 
nected to receive the bit X,-._1 and a control input 
connected to receive the decode signal Tw of said 
corresponding Booth’s decoder, an output of 
said second transfer gate, 

a clocked inverter having a data input connected to 
said output of said ?rst transfer gate and a con 
trol input connected to receive through an in 
verter the decode signal Pu of said corresponding 
Booth’s decoder, , 

a third transfer gate having a data input connected 
to said output of said ?rst transfer gate and a 
control input connected to receive the decode 
signal Pu of said corresponding Booth’s decoder, 

an output of said clocked inverter being connected 
directly to an output of said third transfer gate; 
and 

a NOR gate having a ?rst input connected to said 
output of said clocked inverter and a second 
input connected to receive the decode signal Z 
of said corresponding Booth’s decoder, an out 
put of said NOR gate generating the partial 
product PP. 

' l $ ‘ i 


